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57 ABSTRACT 
A paper circulating assembly is provided for use in a 
field sequential printing apparatus such as a facsimile. 
The facsimile includes an ink ribbon having multiple 
color ink segments. A piece of paper is conveyed ulti 
mately into a printing paper path and to the ribbon and 
printing platen for printing. The printing platen con 
veys the leading edge of the printed paper to a gripping 
arm of the paper circulating assembly. After a predeter 
mined time period, the leading edge of the paper rests in 
the gap created between the gripping arm and the grip 
ping platen, and the gripping arm closes against the 
gripping platen. Thereafter, the secured leading edge is 
conveyed to a recirculating paper path which flows into 
the printing paper path, and stays in this position until 
the trailing edge of the printing paper is just about to 
enter the printing paper path. During this time, the 
portion of the paper which lies between the gripping 
arm and the printing platen gathers in a loop in a paper 
loop area. Afterwards, the gripping platen is rotated 
and the gripping arm moves away from the surface of 
the gripping platen, thereby releasing the leading edge 
of the printing paper. Further rotation conveys the 
leading edge of the paper into the printing paper path, 
just behind the trailing edge of the printing paper for 
printing the subsequent color of ink. This process con 
tinues until all ink colors have been printed onto the 
paper. 

12 Claims, 20 Drawing Figures 
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1. 

PAPER CRCULATING ASSEMBLY FOR FIELD 
SEQUENTIAL MULTI-COLOR PRINTING 

APPARATUS 

BACKGROUND OF THE INVENTON 
1. Technical Field 
The present invention relates to the field of multiple 

color printing. More particularly, the present invention 
relates to the printing of multiple-color images onto a 
printing medium by the use of a field sequential printing 
technique, such as thermal transfer printing. Specifi 
cally, the present invention is directed to an assembly 
for circulating the paper onto which the multiple-color 
image is printed using a field sequential printing tech 
nique. 

2. Background Information 
Several methods for printing multiple-color images 

onto a printing medium are well known in the art. Some 
examples include ink-jet printing, electrophotography, 
electrostatic printing, and thermal transfer printing. 

In ink-jet printing, the multiple color of the image are 
printed on the medium by multiple and individual min 
ute nozzles which spray the medium with the appropri 
ate color of ink. The minute nozzles are triggered ac 
cording to image signals sent from a processor. This 
method, however, is not well suited for use in high 
speed printing operations. Additionally, due to the min 
ute size of the nozzle outlet port and the inconsistency 
of the ink's density and flow characteristics, the device 
is inherently unreliable because the nozzles have a ten 
dency to clog, thereby hindering ink flow and severely 
impending color image printing. 

In electrophotograph and electrostatic printing, the 
color image is printed on the printing medium by trans 
ferring appropriately colored toner from a cylindrical 
drum to the printing medium. An electrostatic latent 
image is formed on the drum for each desired color, and 
the drum must be statically neutral prior to each appli 
cation of a different toner color. In electrophotography, 
the latent image is formed by means of a laser; in elec 
trostatic printing, the latent image is formed by means 
of a multi-stylus head. Both methods require as many 
developing units having toner containers as there are 
colors to be used. Accordingly, the printing apparatus is 
rather large and expensive. 
The problems of reliability, speed, size and cost inher 

ent with ink-jet, electrophotographic and electrostatic 
printing methods are generally solved by field sequen 
tial printing techniques such as thormal transfer printing 
devices. In thermal transfer printing, the color image is 
transferred to the printing medium by transferring col 
ored ink from an ink ribbon to the medium by the appli 
cation of heat developed at a thermal printing head. 
Accordingly, the printing process is simplified, with 
respect to the other types of printing techniques, be 
cause there is no need for separate developing units of 
toner as in the electrophotography or electrostatic 
printing method or separate ink nozzles as in ink-jet 
printing. 
Turning now to FIG. 1, an example of the ink ribbon 

for use in thermal transfer printing is shown. As is com 
monly known to those of ordinary skill in the art, the 
ink ribbon comprises a base material to which thermally 
fusable solid ink is coated. The base material is usually 
either a paper or plastic derivative, and the colors of 
solid ink are typically yellow, magenta and cyanine. 
The ribbon's width corresponds generally to the largest 
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2 
width of paper and the horizontal length of the individ 
ual color fields of ink corresponds generally to the lon 
gest length of paper to be used. During the transfer 
process of the ink to the printing medium, the thermal 
printing head is triggered at appropriate points for each 
unique color of ink on the ribbon. 
The ink on the ribbon can be considered to be sepa 

rated into fields, and therefore thermal transfer printing 
is also referred to by those skilled in the art as field 
sequential printing. As used herein, the term "field se 
quential printing' refers to printing multiple-color im 
ages using a ribbon whose ink is segmented into fields 
such as the ribbon shown in FIG. 1, and should not be 
limited to the type of print head employed. 
Turning now to FIG. 2, one arrangement of field 

sequential printing known in the art is shown. As shown 
in FIG. 2, paper 201 is conveyed in a forward direction 
by platen roller 202, driving roller 203 and pinch roller 
204. Ink ribbon 205 is also conveyed in the forward 
direction at the same speed as the paper by suitable 
conveying means. The ink field of ink ribbon 205 comes 
in contact with paper 201 at the position where platen 
roller 202 is closest to the line of heat generating ele 
ments in thermal printing head 206. While the ribbon is 
conveyed in the forward direction, image signals are 
applied selectively to the heat generating elements, 
thereby printing the requisite portion of the image with 
the first color. Thereafter, platen roller 202 moves away 
from thermal printing head 206, and paper 201 is con 
veyed in a backward direction until the leading edge of 
the paper reaches the beginning print position. Then, 
ink-ribbon 205 is conveyed until the beginning portion 
of the next color segment is reached. Thereafter, platen 
roller 202 returns to its print position and the printing of 
the next color is executed in the same manner as de 
scribed above. The printing of the remaining colors are 
executed in the same fashion. 
While the device shown in FIG. 2 reproduces color 

images using a field sequential printing technique, the 
dead time, caused by the necessary realignment of the 
paper back to its leading edge position for every color 
change, makes this type of system impractical for high 
speed printing applications. Other types of systems, 
such as that shown in FIG. 3, have been developed for 
trying to minimize or eliminate this dead time. 
Turning now to FIG. 3, another arrangement of field 

sequential printing is shown. Recording medium 301 is 
would around drum-shaped platen 302 and comes in 
contact with the ink layer of ink ribbon 303 where the 
drum and printing head 304 are in closest contact. In 
this arrangement, the length of each segmented color 
layer corresponds to the circumference of platen 302. 
The printing of multiple colors is performed by continu 
ously conveying ink ribbon 303 and rotating platen 302 
at the same tangential velocity as that of the ink ribbon 
for the requisite number of cycles as determined by the 
number of unique colors on the ribbon. ehe thermal 
printing head is driven in accordance with the desired 
image to be printed. Paper 301 is separated from platen 
302 after printing and discharged. 
While the device shown in FIG. 3 minimizes dead 

time for paper lengths corresponding to the circumfer 
ence of the platen, a substantial dead time will still be 
present when smaller-lengthed paper is used. Accord 
ingly, the printing time corresponds to the size of the 
drum and is independent of paper size. Additionally, the 
device not only requires a complicated mechanism to 
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wrap and separate the paper automatically, but the 
device also requires a special shaped thermal printing 
head. These requirements add significantly to the cost 
of the device. Furthermore, since the platen is large and 
requires a driving motor which will handle the inertia of 
the platen, it is not possible to package the arrangement 
in a small or compact way. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a field sequential printing apparatus for re 
producing multiple-color images wherein the dead time 
is both minimal and independent of printing medium 
length, and thus capable of high-speed and efficient 
printing. 

Additionally, it is an object of the present invention 
to provide such an apparatus in an arrangement which 
minimizes package size. 

In accordance with the objects of the present inven 
tion, a paper circulating assembly is provided for use in 
a field sequential printing apparatus. The field sequen 
tial printing apparatus is described with reference to a 
facsimile device which receives data regarding a multi 
ple-color image and prints the multiple-color image in 
accordance with a field sequential printing technique. 
The facsimile includes an ink ribbon which runs be 
tween a printing head and a printing platen and has a 
plurality of individual color ink segments. A piece of 
paper onto which a multiple-color image is to be printed 
is conveyed from a paper tray to a printing paper path 
and between the ribbon and printing platen, and print 
ing of the initial color of ink occurs. The printing platen 
conveys the leading edge of the printed paper in a gen 
erally downward direction, where it comes to rest 
against a gripping arm of the paper circulating assem 
bly. The gripping arm is attached to a gripping platen 
and is able to both move against the surface of the 
platen to secure the leading edge of the paper and to 
move away from the surface of the platen to release the 
leading edge of the paper. After a predetermined time 
period corresponding to the time it takes the leading 
edge of the paper to rest in the gap created between the 
gripping arm and the gripping platen, the gripping arm 
closes against the gripping platen, thereby securing the 
leading edge of the paper against the gripping platen. 
Thereafter, the secured leading edge is conveyed to a 
recirculating paper path which flows into the printing 
paper path. The gripping platen stays in this position 
until the trailing edge of the printing paper corresponds 
to the printing paper path. During this time, the portion 
of the paper which lies between the gripping arm and 
the printing head gathers in a loop in a paper loop area, 
located preferably below the paper circulating assem 
bly. When the trailing edge of the paper is about to 
enter the printing paper path, the gripping platen is 
rotated and the gripping arm moves away from the 
surface of the gripping platen, thereby releasing the 
leading edge of the printing paper. Further rotation of 
the gripping platen conveys the leading edge of the 
paper into the printing paper path, just behind the trail 
ing edge of the printing paper, and to the printing head 
and printing platen for printing the subsequent color of 
ink. This process continues until all ink colors have been 
printed onto the paper. After the printing of all the 
colors of ink on the ink ribbon, the facsimile device 
directs the leading edge of the printing paper to an 
output tray, thereby making the multiple-color image 
available to the receiving party for inspection. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an example of an ink ribbon used in field 
sequential printing. 

FIG. 2 is an illustration of one arrangement of con 
ventional field sequential printing apparatus. 
FIG. 3 is an illustration of another arrangement of a 

conventional field sequential printing apparatus. 
FIG. 4 is a vertical sectional view showing the paper 

circulating assembly and its associated assemblies of the 
present invention incorporated in a facsimile receiver 
employing a field sequential printing technique. 

FIG. 5 is a partially sectional side view of grip roller 
22 of the paper circulating assembly of FIG. 4. 

FIG. 6 is a vertical sectional view of the grip roller of 
FIG.S. 

FIG. 7 illustrates the preferred embodiment of a por 
tion of the paper circulating and associated assemblies 
of FIG. 4. 
FIG. 8 is a vertical sectional view of the pinch roller 

32 shown in FIG. 7. 
FIG. 9 is a vertical sectional view of ink ribbon feed 

roll 92 of FIG. 4. 
FIG. 10 is a vertical sectional view of ink ribbon 

take-up roll 93 of FIG. 4. 
FIG. 1 is a block diagram of facsimile controlling 

unit 130 shown in FIG. 4. 
FIGS. i2(a)-(f) show a pictural illustration of the 

paper circulating assembly and its associated assemblies 
in the process of printing the multiple-color image. 
FIG. 13 shows the routine regarding the reception of 

the color image data from a transmitting facsimile. 
FIG. 14 illustrates the mechanical control of the fac 

simile of FIG. 4 during the routine of printing the multi 
ple-color image received from a transmitting facsimile. 
FIG. 15 is a continuation of the mechanical control 

illustration of FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Turning now to FIG. 4, a vertical sectional view of a 
facsimile receiver in which the paper circulating assem 
bly and its associated assemblies of the present invention 
are shown. The facsimile device includes casing 1 hav 
ing side plates 2 and 3, fixed inside casing 1, to which 
various components hereinafter described are securely 
attached. Casing 1 also includes cover 4 having side 
walls 4a and 4b, ceiling board 4c and back end wall 4d. 
Ceiling board 4c is preferably formed with printed 
paper tray 5 for catching the output of the facsimile 
device. Side walls 4a and 4b are coupled to side plates 2 
and 3 by pin 6 so that cover 4 is pivot about pin 6. 

It is to be noted that the ribbon assembly and printing 
head separate from the unit when the cover plate pivots 
at pin 6. It will be appreciated by those skilled in art that 
this arrangement provides easy access to paper jam and 
ribbon changing operations. 
The facsimile machine is controlled by facsimile con 

trol unit 130, which includes circuit boards 140 and 
power source unit 150. With reference to FIG. ii, con 
trol unit 130 includes line controller 141 for controlling 
the connection between the receiving facsimile of FIG. 
4 and the transmitting facsimile (not shown) and modern 
142 for demodulating the in-coming analog signals and 
converting them to digital data. System controller 143 
controls the receiver operation according to the control 
data contained in the digital data from modem 142 or 
the user command data input through an operational 
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panel (not shown) in the manner corresponding to the 
flowcharts of FIG. 13 through 15, described in detail 
below. 
Decoder 144 decodes the digital data by a predeter 

mined decoding method to obtain the image data of the 
facsimiled image to be printed. Color converter 145 
converts the decoded image data into print data corre 
sponding to the image's component colors. Page men 
ory 146 stores the print data temporarily and print con 
troller 147 controls the image printing process, which 
includes control of the micro front conversion, control 
of the driving pulses to be applied to the heat generating 
elements of the printing head, and so forth. Mechanism 
controller 145 controls the mechanical components of 
the receiver under the control of system controller 143. 
Power source unit 150 supplies the requisite power to 
the circuitry and mechanical components. 

Returning to FIG. 4, paper tray unit 60 includes re 
movable feed cassette 61 which is provided with plate 
63 onto which the paper to be used during the printing 
process is housed. Plate 63 is typically biased due to 
compression spring 64 to ease paper feeding by feed 
roller 71 of initial feeder assembly 70. Feed roller 71 is 
coupled to stepping motor 14 by a one-way clutch (not 
shown). 

Initial feeder assembly 70 also includes guide plates 
72a and 72b defining paper feeding passage 72. Another 
paper feeding passage 73 is defined by guide plates 43b 
and 43c which feeds into printing paper path 43 defined 
by guide plates 43a and 43c. 
The top-most sheet of paper from cassette 61 is di 

rected by roller 71 up path 72 to paper straightening 
assembly 80, which includes feed roller 83 composed of 
driving roller 81 and pinch roller 82. Shaft 81a of driv 
ing roller 81 is coupled to stepping motor 14 such that 
roller 81 and platen roller 11 rotate at the same time. 
Shaft 82a of pinch roller 82 is biased by spring 84 
through a suitable bearing and comes in pressure 
contact with driving roller 81. One end portion of arm 
85 is engaged to shaft 82a of pinch roller 82, and the 
other end portion is pivotable at pin 85a which is fixed 
to side plates Z and 3 at its ends. Arm 85 is brought in 
contact with pin 86, supported by pin 86a which is 
secured at side plates 2 and 3. One end of arm 86 is 
rotatable by plunger 87, which is biased downward by 
tension spring 88. The other end portion 86c is situated 
at a position behind feed roller 83 where it can prohibit 
temporarily the printing paper from progressing. 

Paper straightening assembly 80 also includes detec 
tor 89 for detecting the leading edge of the paper. Paper 
detector 89 comprises photo-emitter 89a and photo-sen 
sor 89b, and when the leading edge of the paper is de 
tected, a timer starts clocking, as described in detail 
hereinafter. After a predetermined period, solenoid 87 is 
de-energized. 
When solenoid 87 is de-energized, it pulls in plunger 

87a and causes arm 86 to pivot about pin 86a, and arm 
85 pivots about pin 85a, causing shaft 82a of pinch roller 
82 to be pushed upward. Consequently. pinch roller 82 
is detached from driving roller 81 and end portion 86c 
of arm 86 comes down to a position which prohibits 
paper movement up paper path 73. This causes the 
leading edge of the paper to be compressed against end 
portion 86c, thereby straightening the paper. After a 
predetermined time period, solenoid 87 is reenergized 
and arm 86 returns to its non-blocking position by ten 
sion spring 88, and end portion 86c of arm 86 comes up 
to release the paper. At the same time, pinch roller 82 
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6 
comes back into pressure contact with driving roller 81 
under the effect of spring 84, as illustrated by the phan 
tom line in FIG. 1. The paper, now straightened, pro 
ceeds up paper path 43 where it is moved past thermal 
printing head 12 of printing assembly 10. 

Printing assembly 10 comprises platen roller 11, 
printing head 12 and printing head placement mecha 
nism 13. The printing head placement mechanism, as is 
discussed in greater detail below, places printing head 
12 towards and away from platen 11 during printing 
and non-printing intervals, respectively. Platen roller 11 
is preferably rubber and includes metal shaft 11a as the 
axis thereof. Both ends of shaft 11a are rotatably sup 
ported by side plates 2 and 3. Platen roller 11 is rotated 
by stepping motor 14. Printing head 12 has a line of heat 
generating elements, preferably 3456, aligned perpen 
dicular to the paper path and at a density of 16 pel/mm. 
The driving pulse current is selectively applied to the 
individual elements by control unit 130 which selec 
tively drives the elements according to the image infor 
mation, as described above. In this way, the ink fuses to 
the paper as extremely small dots. Printing head 12 is 
mounted on L-shaped arm 15 which is supported by and 
pivotable about shaft 16, which is fixed at side walls 4a 
and 4b of cover 4. The printing head is normally under 
tension by tension spring 17 so that the optimum pres 
sure for printing is applied to the ink ribbon and the 
paper by printing head 12 during the printing interval. 
When the ink ribbon is at the ink color transition point 
for the initial color, solenoid 18 pulls plunger 18a in 
wardly so that printing head 12 does not exert any pres 
sure on platen roller 11. 

Ink ribbon 91 is conveyed between platen roller 11 
and printing head 12 by ribbon conveying assembly 90. 
Ink ribbon 91 comprises a base material having layers of 
thermally fusible solid ink of different coloring agents 
coated thereon in a predetermined order. Preferably, 
the length of each ink segment corresponds to the maxi 
mum printing paper length, and the width corresponds 
to the maximum printing paper width. More preferably, 
these dimensions are slightly larger than the maximum 
paper dimensions. 
The ink ribbon preferably used in the present inven 

tion comprises the three colors typically used in sub 
stractive color printing, thereby allowing a total of 
seven colors to be printed on the printing medium. The 
ribbon, however, could comprise ink segments of colors 
to be printed individually rather than in an overlapping 
fashion. 
Ink ribbon 91 is wound around feed roll 92 and is 

taken up by take-up roll 93 after use. Feed roll 92 and 
take-up roll 93 are shown in detail in FIGS. 9 and 10, 
respectively. With reference to FIGS. 9 and 10, two 
pairs of shafts 94 and 96, and 95 and 97 are firmly fixed 
at side walls 4a and 4b, respectively. Reels 98, 99, 100 
and 101 are loosely fitted to shafts 94, 95, 96 and 97, 
respectively. Reels 98 and 99 have at least one projec 
tion 98a and 99a, respectively, at their inner end. Pro 
jections 98a and 99a are adapted to engage grooves 92a 
and 93a so that feed roll 92 and take-up roll 93 are oper 
atively connected to reels 98 and 99, respectively. Fur 
ther, couplers 102 and 103 are slidably and rotatably 
mounted on shafts 94 and 95 and include circular disks 
102a and 103a and friction plates 102b and 103b, respec 
tively. Couplers 102 and 103 are biased due to compres 
sion springs 104 and 105, respectively, disposed be 
tween side wall 4a and the respective coupler. As a 
result, reels 98 and 99 are in pressure contact with feed 
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roll 92 and take-up roll 93 via friction plates 102b and 
103b, respectively. Similarly, reels 100 and 101 are in 
pressure contact with feed roll 92 and take-up roll 93 via 
compression springs 100 and 107, respectively. Further, 
coupler 103 has timing pulley 108 for transferring rota 
tional torque, and is operatively engaged to a suitable 
stepping motor via timing belt (not shown). 

Returning to FIG. 4, ink ribbon 91 is positioned in its 
path by guide bars 109 through 112 and is disposed 
between platen roller 11 and printing head 12. Ribbon 
conveying assembly 90 also includes ribbon detector 
113 for detecting the borders of the ink segments, and 
comprises photoemitter 113a and photo-sensor 113b. 
Ribbon detector 113 could comprise multiple photo 
sensors to detect the multiple ink segments; however, in 
the preferred embodiment, photo-sensor 113b genera 
tors detection signals of different voltage levels corre 
sponding to the different colors. The detection signals 
are used in conjunction with those provided by paper 
detection 44 for matching the timing between color 
segment transitions of ink ribbon 91 and paper 62. In the 
preferred embodiment, the time required for the ribbon 
to travel between the ribbon detector and the printing 
head 12 is substantially equal to the time required for 
the paper to travel between end portion 86c of arm 86 
and the printing head. 
Once the leading edge of the paper has passed under 

printing head 12, the paper travels past paper guide flap 
51 to arm. 24a of paper circulating assembly 20. The 
function of paper circulating assembly 20 is to insure 
that the paper gets passed under printing head 12 the 
required number of times, corresponding to the number 
of different ink colors on ribbon 91. This function is 
performed by arm 24a and roller 22 as follows: when 
the leading edge of the paper is detected at arm 24a, the 
arm retracts into roller 22, securing the leading edge of 
the paper to the roller. Then, at a speed corresponding 
to the movement of the paper past the printing head, 
roller 22 rotates counter-clockwise approximately 150 
and stops, yet still securing the leading paper edge. The 
paper continues to travel past the printing head, and 
gathers in a loop in paper loop area 20S. When the 
trailing edge of the paper is detected by detector 44, but 
more preferably after a predetermined time period cor 
responding to the paper length, roller 22 again begins to 
rotate counter-clockwise, simultaneously extending arm 
24a to release the leading edge of the paper, and coming 
to rest at its initial position shown in FIG. 4. The paper, 
through the assistance of circulation feeding assembly 
30, is conveyed up the recirculating paper path which 
flows into printing paper path 43 and once again passes 
under the printing head. 
This procedure continues until the paper has passed 

under the printing head the requisite number of times, at 
which point paper guide flap 51 is flipped to the position 
shown by the phantom line and the finished and repro 
duced image is output with the assistance of paper dis 
charge assembly 120. As will be appreciated by those 
skilled in the art, the paper circulating unit and its asso 
ciated assemblies not only reduce the size of the platen 
and associated components, allowing the facsimile re 
ceiver to be assembled in a compact package, but the 
system more importantly substantially minimizes the 
dead time by making it independent of paper size. 
The detailed operation of paper circulating assembly 

20 and its associated assemblies is not discussed with 
reference to FIGS. 5through 7. Turning now to FIG. 5, 
a partial sectional view of grip roller 22 is shown, and 
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8 
includes shaft 21, supported by side plates 2 and 3 (FIG. 
7) and driven by stepping motor 14 (FIG. 4) via electro 
magnetic clutch (not shown), and gripping mechanism 
23 disposed inside roller 22. As shown in FIG. 7, paper 
circulating assembly 20 preferably includes three grip 
rollers 22 with the gripping mechanism having arm 24a 
secured thereto by three rods (24 of FIG. 5), and each 
arm being the same length as grip roller 22. 

Returning now to FIG. 5, gripping mechanism 23 is 
shown with compression spring 25 about each rod 24, 
and pin 26, shown within hole formed by phantom line 
22a. Rod 24 abuts pin 26 via cam follower 28. As shown 
in FIG. 7, pin 26 is supported by cams 27 mounted on 
side plates 2 and 3, respectively, through cam followers 
28. 
Turning now to FIG. 6, a vertical sectional view of 

the grip roller of FIG. 5 is shown. Two blocks 24b are 
mounted on either side of gripping arm 24a. These 
blocks fit into their respective recesses 22b defined as 
the cut-away portions of grip roller 22. Therefore, grip 
ping arm 24a is prohibited from rotating about the axis 
of rod 24. Cam followers 28 mounted on the both ends 
of pin 26 are the ball bearings (shown in FIG. 5) 
brought in contact with contact surface 27a of can 27. 

Returning to FIG. 5, the action of the cam and grip 
ping arm interaction will now be explained. When can 
follower 28 is at raised portion 27b of cam 27 (its wait 
ing position), pin 26 forces gripping arm 24a to move 
away from the surface of gripping roller 22, forming 
gap 29. At an appropriate time, the leading edge of the 
paper will be at gap 29 and shaft 21 is rotated counter 
clockwise so that cam follower 28 is no longer in cam 27 
(an arc of about 150"). During this time period, arm 24a 
is in close contact with roller 22, and the leading edge of 
the paper is brought to rest near raised portion 27b. At 
the point in time when the paper's trailing edge is past 
paper path 73 (as described above), shaft 21 again ro 
tates, causing can follower to contact can 27 at surface 
27a and gripping arm 24a opens slightly so that the 
leading edge of the paper can again circulate through 
the printing head. The shaft continues to rotate to raised 
portion 27b where the gripping arm opens fully and 
again waits for the leading edge of the paper. 
As shown with reference to FIGS. 4 and 7, recursive 

paper feeder assembly 30 helps feed the leading edge of 
the paper back through paper path 43 and under the 
printing head and includes two feed rollers 33, each of 
which is composed of driving roller 31 and pinch roller 
32. Driving rollers 31 are mounted on shaft 34, sup 
ported by side plates 2 and 3, and are rotated by another 
stepping motor (not shown). Pinch rollers 32 and grip 
rollers 22, preferably are alternately disposed, as shown 
in FIG. 7. 
Turning now to FIG. 8, a vertical sectional view of 

the pinch roller of FIG. 7 is shown, and includes main 
portion 32a of pinch roller 32 coupled to shaft 21 by 
means of setscrew 35. Main portion 32a is formed with 
hole 32b to permit pin 26 to extend therethrough. 
Sleeve 32c is loosely fitted round main portion 32a and 
is restricted by two collar 32d Driving roller 31 and 
pinch roller 32 are in contact with each other; when 
driving roller 31 rotates, sleeve 32c of pinch roller 32 
also rotates. 

Returning to FIG. 4, recursive paper feeding assem 
bly 30 also includes backtension roller 36 mounted on 
shaft 37 which is supported by side plates 2 and 3 and is 
movable in the direction shown by the phantom line. 
Shaft 37 is biased toward grip roller 22 by spring 38 to 
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permit backtension roller 36 to come into pressure 
contact with grip roller 22, and is biased slightly by 
braking mechanism (not shown) so as to be braked 
against rotational movement caused by grip roller 22. 
Arm 39 is movably coupled to shaft 37 and fixed to shaft 
40, which is supported by side plates 2 and 3. One end 
portion of lever 41 is firmly fixed to shaft 40, and the 
other end portion is coupled to plunger 42a of solenoid 
42. When solenoid 42 is energized, lever 41 pivots about 
the axis of shaft 40, causing arm 39 to rotate about the 
axis of shaft 40, and backtension roller 36 is detached 
from grip roller 22. 

During the recursive paper feeding of the paper's 
leading edge to platen 11, paper guide flap 51 of guiding 
assembly 50 remains in the position shown in FIG. 4. 
Paper guide flap 51 is pivotable about shaft 52, which is 
supported by side plates 2 and 3. Lever 53 is fixed to 
shaft 52 and rotatably mounted to plunger 54a of sole 
noid 54. Paper guide flap 51 is kept in the position 
shown under the force of compression spring 55, which 
is loosely fitted aroung plunger 54a. At the end of the 
recursive paper feeding cycle when the leading edge 
has been passed through the printing head for the last 
required time, solenoid 54 is energized and flap 51 piv 
ots to the position illustrated by the phantom line, per 
mitting the paper to progress toward paper discharging 
assembly 120. 

Paper discharging assembly 120 includes feed rollers 
121 and 122 and paper discharging passages 123 and 124 
defined by two pairs of guide plates. Feed roller 121 is 
composed of driving roller 125 and pinch roller 126. 
Shaft 125a of driving roller 125 is operatively engaged 
to stepping motor (not shown), and shaft 126a of pinch 
roller 126 is biased towards driving roller 125 by a 
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spring (not shown). Feed roller 122 is also composed of 35 
driving roller 127 and pinch roller 128, and is substan 
tially similar to feed roller 121. The paper discharged to 
paper tray 5 is a multiple-color copy of the image which 
was transmitted from a facsimile in communication with 
the facsimile of FIG. 4. 
A description of the operation regarding the receipt 

and processing of the multiple-color image from the 
transmitting facsimile is now discussed with reference 
to FIGS. 13 through 15. Turning now to FIG. 13, the 
routine regarding the reception of the facsimilied data is 
shown. With reference to control unit 130 of FIG. 11, 
when the facsimile receives a telephone call (step 1302), 
line controller 141 (FIG. 11) connects the system to the 
telephone line (step 1304) and determines whether the 
call is from a proper facsimile device (step 1306) via a 
handshake protocol routine, a process known in the art. 
If so, system controller 143 (FIG. 11) continues its 
handshake protocol routine, performing a facsimile 
pre-message procedure (step 1308) in cooperation with 
modem 142 (FIG. 11). If the call is not from a proper 
facsimile device, the telephone line is disconnected (step 
1320). 

After the pre-message procedure, modem 142, in 
cooperation with system controller 143, begins to re 
ceive (step 1310) the modulated color image signal 
which is developed at the transmitting facsimile by a 
process known in the art. The color image signal is 
demodulated by modem 142, decoded (step 1312) by 
decoder 144, resolved into its color components by 
color converter 145, and stored in page memory 146 
(step 1314). After an entire page is stored, print control 
ler 147 controls the printing as described below with 
reference to FIGS. 14 and 15. 
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Throughout the printing operation, system controller 

143 also controls the receipt of subsequent pages (step 
1316) until all data has been received. After the end of 
data transmission regarding the color image, a facsimile 
post-message procedure (step 1318) is performed, the 
line is disconnected (step 1320) and the facsimile device 
awaits another call. 
Turning now the FIGS. 14 and 15, the mechanical 

control of the facsimile of FIG. 4 during the print rou 
tine is discussed. It is to be implicit in the following 
discussion that all controllable mechanical components 
are under the control of system controller 143 via mech 
anism controller 148 or print controller 147 of FIG. 11. 
As shown in FIG. 14, and with constant reference to 

FIG. 4, after an entire page of data is stored (step 1402), 
solenoids 18 and 42 are energized (step 1404), causing 
printing head 12 to separate from platen roller 11 and 
back tension roller 36 to separate from grip roller 22, 
respectively. Additionally, the ribbon conveying step 
ping motor is energized, causing ink ribbon 91 to 
progress until the leading edge of a specified ink color, 
preferably yellow, is detected by ribbon detector 113. 
Once the leading edge of the yellow ink segment is 
detected, the ribbon conveyance is halted (step 1410). 

Concurrently with steps 1404, 1408 and 1410, feed 
roller 71 is energized to convey the top sheet in casette 
61 to feed up passage 72 (step 1411). After a predeter 
mined delay (step 1405), solenoid 87 is also energized, 
causing pinch roller 82 to separate from driving roller 
81 and causing end portion 86c of arm 86 to move into 
the position shown in FIG. 4 so that the paper can be 
straightened. As the paper proceeds up passage 72 
through the separation between rollers 81 and 82, its 
leading edge is detected (step 1412) by detector 89. The 
paper is further conveyed for a predetermined time 
period T1 (steps 1414 and 1416), causing the paper to 
bulge slightly due to the hindrance of arm 86c. The 
leading edge abuts arm 86c, thereby straightening the 
paper. 
At the end of the time period T1, as the paper is now 

straight, solenoid 87 is de-energized (step 1418), causing 
arm portion 86c to move out of the paper path and 
pinch roller 82 to press against drive roller 81 via the 
paper. Additionally, feed roller 71 stops rotation, pref 
erably by reversing stepping motor 14 so as to stop 
roller 71 rotation due to the non-driving effect of the 
one-way clutch, and the paper continues up paper path 
73 via driving roller 81. 

Furthermore, at the end of time period T1, solenoid 
18 is deemergized causing printing head 12 to come into 
pressure contact with platen 11 and ink ribbon 91 also 
starts moving. As stated previously, the travel time 
between ribbon detector 113 and the printing head pref 
erably equals the travel time between arm portion 86c 
and the printing head. Accordingly, the leading edge of 
the paper and the leading edge of the first color segment 
meet under the printing head preferably at the same 
time. To insure that printing preferably begins at the 
proper place, when the paper's leading edge is detected 
(step 1420) by detector 44, a predetermined time period 
T2 lapses (step 1424) before printing (step 1426) begins. 

After time period T2, the image data relating to the 
first ink ribbon color is read from page memory 146 
(FIG. 11) and the heat generating elements of printing 
head 12 are selectively enabled, causing the ink to fuse 
to the paper at the selective locations. At guide bar 111, 
ink ribbon 92 separates from the paper and heads to 
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take-up roll 93, while the paper proceeds past paper 
guide flap 51 to gripping arm 24a. 
Turning now to FIG. 12, a pictoral illustration of the 

paper circulating assembly and its associated assemblies 
is shown. With reference to FIG. 12(a), a detailed view 
of the initial paper entry into the paper circulating as 
sembly is illustrated. At the beginning of the print rou 
tine (step 1426), predetermined time Ni begins to elapse 
(step 1428), allowing the paper to proceed under the 
printing head and towards gripping arm 24a. N is pref 
erably the time period required for paper 62 to come in 
contact with arm 24a in a bulging manner so as to 
straigthen the leading edge of the paper against the arm, 
as shown in FIG. 12(a). In addition to N1, time periods 
N2, N3 and N4 begin to elapse; N1-N4 being dependent 
upon the rotational speed of platen 11 as rotated by 
stepping notor 14. 

After time period Ni has lapsed (step 1430), grip 
roller 22 starts rotating counter-clockwise (step 1432) 
with the same tangential velocity as platen 11, causing 
arm 24a to retract into roller 22, as illustrated in FIG. 
12(b). Roller 22 rotates for a predetermined time period 
N2 (step 1434), preferably allowing cam follower 28 
(FIG. 5) to rotate from raised portion 27b, stopping 
(step 1436) just prior to can surface 27, approximately 
150 
The printing process, meanwhile, has continued and 

continues to occur. The paper between gripping arm 
24a and the printing head begins to gather in a loop in 
area 20S (FIG. 4), as shown in FIG. 12(c). Assuming 
preferably that only one size paper length is to be used 
by the facsimile device, the paper continues to accumu 
late in area 20S for predetermined time period N3 (step 
1438), preferably defined as the time it takes the trailing 
edge of the paper to just about enter paper path 43, so 
that the leading edge and the trailing edge almost meet. 
At this point, rollers 22 and 31 begin to rotate (step 
1508). Alternatively, rollers 22 and 31 can begin to 
rotate when the trailing edge is detected by detector 44. 
In fact, this arrangement can be used when multiple 
paper length sizes are to be used by the facsimile device. 

Roller 31 rotates for predetermined time period T3 
(steps 1510 and 1512). Roller 22 also rotates for time 
period T3, causing cam follower 28 to rotate onto cam 
surface 27, causing gripping arm 24a to separate slightly 
from the surface of roller 22. At the end of the time 
period T3, roller 31 stops (step 1514) temporarily, pref. 
erably for predetermined time period T4 (step 1516 and 
1518). At the end of time period T3. roller 22 still ro 
tates to the position shown in FIG. 12(d) to release the 
leading edge of the paper completely. In the preferred 
embodiment, roller 22 reaches this position prior to the 
end of T4. 

After time period T4 (step 1518), solenoid 42 is de 
energized (step 1520), causing backtension roller 36 to 
come into pressure contact with grip roller 22, and 
roller 31 again begins to rotate, as shown in FIG. 12(e). 
Shortly thereafter, the leading edge of the paper is de 
tected by detector 44 (step 1522) and time periods T5 
and T2 begin to elapse (step 1524). In the preferred 
embodiment, TS is less than T2. 

Driving roller 31 rotates during time period TS (step 
1526), causing the leading edge of the paper to follow its 
trailing edge. In the preferred embodiment, T5 is the 
time period required for the leading edge of the paper to 
move between the printing head and rotating platen 11. 
Accordingly, at the end of T5, roller 31 is no longer 
necessary for paper conveyance and is stopped (step 
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1528). Because of the arrangement of the ink segments 
on ribbon 91, the leading edge of the paper and the 
subsequent ink segment coincide. Additionally, at the 
end of T5, solenoid 42 is re-energized, causing backten 
sion roller 36 to move away from grip roller 22, as 
shown in FIG. 12(f). Finally, after time period N4 is 
reached (step 1530), roller 22 is back to its waiting posi 
tion and its rotation is therefore stopped (step 1532). 
At the end of the time period T2 (step 1534), the 

leading edges of the paper and the subsequent ink seg 
ment reach the printing head for the application of the 
next color of ink. If the next color is not the last to be 
printed (step 1536), the paper circulation routine (steps 
1426 through 1534) is repeated. Otherwise, solenoid 54 
is energized (step 1538), causing paper guide flap 51 to 
direct the printed paper through paper paths 123 and 
124 via rollers 125 and 127, respectively, as the final 
color is printed (step 1540). 
When the printing of the last page is completed (step 

1542) and the trailing edge of the finished page is past 
flap 51 (determined by T6 of steps 1544 and 1546), sole 
noid 54 is de-energized (step 1548), causing flap 51 to 
return to its paper circulating position. When the fin 
ished page is completely discharged to tray 5 (deter 
mined by T7 of steps 1544 and 1550), discharge rollers 
25 and 27 stop (step 1552). If more pages are to be 

printed, the PRINT ROUTINE is started again; other 
wise, the facsimile post-message procedure and line 
disconnect of FIG. 3 occurs, thereby ending the fac 
simile transmission. 

Illustrative embodiments of the present invention 
have been described in detail with reference to the ac 
companying drawings. However, various changes and 
modifications may be effected therein by one skilled in 
the art without departing from the scope or spirit of the 
invention. 

For example, the operation of the paper circulating 
assembly can be controlled by a solenoid and associated 
linkage as opposed to compression spring 25 and can 
27, respectively. Also if the component precision of the 
paper circulating assembly and its associated assemblies 
is highly accurate, the printing medium should not wan 
der; therefore, backtension roller 36 and its associated 
solenoid components would not be required. Addition 
ally, if platen roller 11 and feed roller 71 are driven by 
separate stepping motors, the printing head would not 
have to be detached from roller 11 prior to the printing 
of the initial color. Furthermore, in the preferred em 
bodiment, the ink ribbon is synchronized with the lead 
ing edge of the paper by mechanically stopping the 
ribbon's conveyance. Synchronization can also be ob 
tained by continuously conveying the ribbon and feed 
ing the paper to the printing head when appropriate. 
Also, paper tray 60 could be replaced with a paper 
roller and appropriate paper cutting assembly. 

Other changes and modifications will be obvious to 
those skilled in the art. Accordingly, it is to be under 
stood that such changes and modifications do not depart 
from the scope or spirit of the present invention. 
What is claim is: 
1. In a field sequential printing apparatus for printing 

multiple-color images onto a printing medium using a 
ribbon having a plurality of color ink segments, the 
apparatus including a printing paper path leading to a 
printing head and printing platen, and a paper circulat 
ing assembly to convey the printing medium back to the 
printing head and printing platen after the printing of an 
initial ink color for the printing of at least one subse 
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quent ink color, the method of conveying the printing 
medium back to the printing head and printing platen 
comprising the steps of: 
conveying the leading edge of the printing medium, a 

first predetermined time period after the leading 5 
edge emerges from the printing head and printing 
platen, to a recirculation paper path which flows 
into the printing paper path; 

delaying further conveyance of the leading edge of 
the printing medium for a second predetermined 10 
time period; and 

conveying the leading edge of the printing medium to 
the printing paper path for the printing of a subse 
quent ink color. 

2. The method of claim 1 wherein said second prede 
termined time period corresponds to the arrival of the 
trailing edge of the printing medium at the printing 
paper path. 

3. The method of claim 2 further comprising the step 
of directing the leading edge of the printing medium to 
an output paper tray after the final ink color has been 
printed. 

4. The method of claim 1 wherein said step of delay 
ing comprises the step of 25 

disabling the conveyance of the leading edge of the 
printing medium; and 

allowing the printing medium to gather in a loop 
during the second predetermined time period. 

5. The method of claim 4 wherein said second prede- 30 
termined time period corresponds to the arrival of the 
trailing edge of the printing medium at the printing 
paper path. 

6. The method of claim 5 further comprising the step 
of directing the leading edge of the printing medium to 35 
an output paper tray after the final ink color has been 
printed. 

7. The method of claim 1 further comprising the steps 
of: 

detecting the leading edge of the initial ink color 40 
prior to the ink ribbon reaching the print head; 

detecting the leading edge of the printing medium 
prior to its reaching the printing head; and 

conveying the ink ribbon and the printing medium so 
that the arrival of the leading edges of the initial ink 45 
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color and the printing medium at the printing head 
substantially correspond. 

8. A field sequential printing apparatus for printing 
multiple-color images onto a printing medium using a 
ribbon having a plurality of color ink segments, the 
apparatus including a printing paper path leading to a 
printing head and printing platen, and a paper circulat 
ing assembly to convey the printing medium back to the 
printing head and printing platen after the printing of an 
initial ink color for the printing of at least one subse 
quent ink color, said paper circulating assembly com 
prising: 
means for securing the leading edge of the printing 
medium after it emerges from the printing head and 
printing platen; 

means for conveying the secured leading edge of the 
printing medium to a recirculating paper path 
which flows into the printing paper path; and 

means for releasing the secured leading edge of the 
printing medium and conveying the released lead 
ing edge to the printing head and printing platen 
after a first predetermined time period. 

9. The paper circulating assembly of claim 8 wherein 
the first predetermined time period corresponds to the 
arrival of the trailing edge of the printing medium at the 
printing paper path. 

10. The field sequential printing apparatus of claim 9 
further including a paper loop area in which to allow 
the portion of the printing medium between said secur 
ing means and the printing head to gather during said 
first predetermined time period. 

11. The field sequential printing apparatus of claim 8 
further including: 
an output tray; and 
means for directing the printing medium from the 

printing head to the output tray after the final ink 
color has been printed. 

12. The field sequential printing apparatus of claim 8 
further including: 

a housing to contain the printing medium, printing 
platen and paper circulating assembly; and 

a cover, pivotally connected to said housing, to 
which the ribbon, ribbon conveying means and 
printing head are secured. 
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